Background: Limited data are available on energy cost of common children's games using measured oxygen consumption. Methods: Children (10.6 ± 2.9 years; N = 37; 26 male, 9 female) performed a selection of structured (bowling, juggling, obstacle course, relays, active kickball) and unstructured (basketball, catch, tennis, clothespin tag, soccer) activities for 5 to 30 minutes. Resting metabolic rate (RMR) was calculated using Schofield's age-and sex-specific equation. Children wore a portable metabolic unit, which measured expired gases to obtain oxygen consumption (VO 2 ), youth METs (relative VO 2 /child's calculated RMR), and activity energy expenditure (kcal/kg/min). Descriptive statistics were used to summarize data. Results: Relative VO 2 ranged from 16.8 ± 4.6 ml/kg/min (bowling) to 32.2 ± 6.8 ml/kg/min (obstacle course). Obstacle course, relays, active kickball, soccer, and clothespin tag elicited vigorous intensity (>6 METs), the remainder elicited moderate intensity (3-6 METs). Conclusions: This article contributes energy expenditure data for the update and expansion of the youth compendium.
In the Compendium of Energy Expenditures for Youth developed by Ridley et al, 1 35%
of MET values were based on data measured in youth. The remaining activities were deemed those in which children participate, but MET values were based on adult data. Children expend more energy relative to body weight than adults at rest or when performing the same activity, and energy expenditure at rest or during an activity decreases with age. 2, 3 This has been attributed to immature motor patterns, physiological factors (eg, increased respiratory rate, reliance on aerobic metabolism), and the fact that children often put forth more effort to perform a task due to their smaller body size and lesser strength. 2, 4 As such, research demonstrated that overall, adult METs slightly underestimated child METs as determined by measured oxygen consumption, but the amount of under-or over-estimation differed by activity. 2 These differences may be further exaggerated during locomotive activities due to children's inefficient gait patterns. 2 For valid estimates of intensity, energy expenditure of activities that are common to children should be measured in children. 5 Activities common during recess or physical education class are of importance because they can be recommended to promote moderateto-vigorous activity. 5 However, limited energy expenditure data are available for these activities. 5 The purpose of this study was to assess the energy cost of common children's games using measured oxygen consumption.
Methods
Children, aged 5 to 15 years, with no conditions that affected participation in physical activity or measurement of metabolic data, were recruited through faculty and parent e-mail lists to participate in this study. Before participation, children and parents completed informed assent and consent forms, respectively. The Institutional Review Board at Michigan State University approved this study.
Children were asked to abstain from caffeine, food, and beverages (besides water) for 2 hours before their visit. Height was measured to the nearest 0.1 cm by a wall-mounted stadiometer (Harpenden). Weight was measured to the nearest 0.1 kg by a digital scale (Seca 770, Hanover, Maryland). Resting Metabolic Rate (RMR) was calculated using the age-and sex-appropriate Schofield equation using height and weight. 6 This investigation was part of a study that aimed to simulate an afterschool program, so the participants had other children with whom to play. The visit began with structured play, then "homework" (no data), and ended with unstructured play. The structured play was either a "low-intensity" session including bowling and scarf juggling or a "high-intensity" session including obstacle course, relays, and active kickball. Structured games were played for 8 to 10 minutes each. During unstructured play, children could choose from the following games: catch, basketball, tennis, clothespin tag, or soccer. Overall time for unstructured play was 20 to 30 minutes, but time for individual games was not regulated. Start and stop times were determined from video. Descriptions of activities are found in Table 1 .
During play, children wore the Oxycon Mobile portable metabolic unit (Carefusion, Yorba Linda, CA), which measured breathby-breath oxygen consumption. The metabolic unit was calibrated with standard gases before each subject's visit. To remove time for instructions and represent typical game play, the first 2 minutes and last minute of each game's data were removed from analysis. Game play shorter than 2 minutes in duration after removal of the previously described 3 minutes was not used for analysis. Any oxygen consumption data below calculated RMR or more than 3 standard deviations above the activity's mean oxygen consumption were deemed outliers and removed. Youth METs were calculated as oxygen consumption (ml/kg/min) divided by child's calculated RMR (ml/kg/min). Moderate intensity was defined as 3-6 Youth METs, while vigorous was defined as >6 METs. 7 Energy expenditure (kcal/kg/min) was calculated by multiplying absolute VO 2 (L/ min) by the conversion factor 4.86 kcal/L O 2 , subtracting calculated RMR (kcal/min), and dividing by weight (kg). 8 Descriptive statistics were used to summarize data.
Results
Subjects were 26 male and 9 female youth aged 10.6 ± 2.9 years. Eight subjects were overweight or obese (Body Mass Index ≥ 85th percentile). Three girls and 9 boys were 10 years or younger, while 6 girls and 17 boys were over the age of 10 years. Subjects were 147.6 ± 17.2 cm in height, and 68.2 ± 12.4 kg in weight. Energy expenditure and youth MET levels are outlined in Table 2 . Bowling, juggling, catch, basketball, and tennis elicited moderate intensity activity (3-6 METs). Obstacle course, relays, active kickball, soccer, and clothespin tag elicited vigorous intensity activity (>6 METs). Bowling elicited the lowest MET level (3.6 ± 0.9), while obstacle course, relays, and clothespin tag elicited the highest MET levels (7.1 ± 1.4, 7.1 ± 1.5, and 7.1 ± 1.0, respectively).
Although no statistical analysis was completed due to sample size, boys elicited greater METs during bowling (3.8 ± 0.8 vs. 2.7 ± 1.0), juggling (4.4 ± 1.1 vs. 3.2 ± 0.7), basketball (6.0 ± 1.7 vs. 5.0 ± 0.8), tennis (4.6 ± 0.7 vs. 3.8 ± 1.1), clothespin tag (7.3 ± 1.1 vs. 6.7 ± 0.5), and catch (4.1 ± 0.7 vs. 3.2 ± 0.7) than girls, but similar METs during obstacle course (7.1 ± 1.4 vs. 7.2 ± 1.4). Boys elicited lower MET levels during relays (6.8 ± 1.5 vs. 7.7 ± 1.4), active kickball (6.4 ± 1.4 vs. 7.5 ± 1.0), and soccer (6.4 ± 1.8 vs. 7.1 ± 1.1) than girls.
Discussion
This study aimed to determine the energy expenditure of several common children's games. Obstacle course, relays, active kickball, soccer, and clothespin tag elicited means that were classified as vigorous intensity activity (>6 METs), while the others elicited moderate intensity activity (3-6 METs). Overall, activities eliciting vigorous intensity required more locomotion than those eliciting moderate intensities.
Some of the activities had previously published energy expenditure values, while others did not. Bowling (3.6 METs) was previously measured in 1 child study (n = 12; 11.4 years of age), eliciting 4.9 METs. 1, 9 The previous study did not specify what type of bowling, but it was likely with plastic pins and plastic ball as used in the current study due to the study's location (in a laboratory). It is important for researchers to provide activity descriptions so others wishing to use or compare energy expenditure data do not have to make inferences. One key difference between studies was that our study allowed children to play in groups for all activities, which could affect effort and energy expenditure due to the wait time associated with taking turns, but may better represent how children play these games in real life.
Four other activities elicited moderate intensity. Catch (4.0 METs) was previously measured in 2 child studies (n = 51), in which a moderate effort elicited 2.6 METs. 1 The current study had low sample size for this activity (n = 6), which was part of unstructured play, so the parameters (eg, duration, effort) were not as strict as they may have been in previous research. Further, the use of a Velcro catching mitt may have reduced the need for youth to chase after missed catches. Basketball (5.7 METs), specifically "shooting hoops," was included in the compendium as measured in 1 child study (n = 74) and elicited 7.2 METs. 1 In the current study, basketball was an unstructured activity, so children were free to choose their own intensity and duration. Although children sometimes played an actual game, they often chose to shoot hoops instead. Since they could play in groups, this may have involved more standing and waiting for a turn than the previous research in which the subjects shot basketballs continuously by themselves. Further, the previous study only included adolescent girls. 10 Additionally, a study by Lyden et al 11 found that children (8-11 years) and adolescents (12-16 years) expended 6.6 and 7.6 METs, respectively during basketball. In the Lyden study, pace was self-selected, but children played alone, suggesting they may have been more active due to increased ball time.
Two of the moderate intensity activities were not previously measured in children. For juggling scarves, our finding of 4.1 METs was similar to the 4.0 METS listed in the adult compendium, although how the compendium MET level was determined was not specified to allow for better comparison. 1 For tennis, adult data suggest that tennis on a court elicits 5.3 METs even at a light effort, 3.5-9.9
Note. y = years; n = number of individual sessions for that game; ml/kg/min = milliliters (of oxygen) per kilogram body weight; L/min = liters (of oxygen) per minute; kcal/kg/min = kcal/min during activity-kcal/ min at rest calculated by Schofield equation / weight (kg); youth METs = relative oxygen consumption (ml/kg/min)/resting metabolic rate calculated by Schofield equation.
while the current study only elicited 4.4 METs. 1 This was likely due to the children using plastic rackets and foam balls and playing at a self-determined distance apart, not on a standard tennis court. Five activities elicited vigorous intensity, 3 of which had previously published values. In the youth compendium, tag was measured in 1 previous study, from 1923, and elicited 5.0 METs, lower than the 7.1 METs in the current study. 1 This discrepancy is likely due to fewer children playing in a smaller space in the current study, which would require more constant movement. Further, in clothespin tag, there is no one person who is being chased; everyone is both chasing and being chased. However, a similar tag game, Dragon's Tail, was measured previously and elicited 5.8 METs compared with 7.1 METs in the current study. 5 Active kickball elicited 6.6 METs, compared with the 7.0 METs as listed in the adult compendium. 1 The current study importantly used active kickball, a modification of that replaces standing on a base with activities like marching or dancing. In the youth compendium, the energy cost of soccer was based on a study conducted in 1923. 1 The current study observed an energy cost 6.6 METs as compared with 8.8 METs listed in the youth compendium for moderate effort soccer. The previous study was conducted almost 100 years ago using a modified Douglas bag on children in England, possibly limiting generalizability to American children in the present day. Regardless, the lower energy expenditure in our study is likely due to the smaller play space requiring less running.
Neither obstacle course nor relays were previously reported in the youth compendium. However, they are important due to their inclusion in physical education, youth sports practice, and afterschool programs. Further, they elicited vigorous activity (both 7.1 METs). Howe et al measured "Cardio Course," similar to the obstacle course, but elicited only 4.9 METs compared with 7.1 METs in the current study. 5 The main limitation of this study was that the sample was predominantly male, and sample size did not allow analysis of differences in energy expenditure by sex, age, or weight status. The wide age range of subjects participating in each activity is also an important limitation because energy expenditure may decline with advancing age. 3 Previous research has shown that calculation of youth METs can equalize these differences by accounting for higher resting energy expenditure of younger children. 3 This study provides energy cost data on activities not previously described in the youth compendium.
In conclusion, this study provides additional data on energy cost of games commonly played by children. Future research should contribute to the compendium by measuring these activities in larger, more diverse samples, while ensuring activities are adequately described to account for differences in play environment and equipment.
